An extensive literature on smoothing issues in real estate markets has been published, covering a range of theoretical techniques, applications to indices and asset allocation. A recent paper by Geltner et al [2002] reviewed the main theoretical approaches to the construction of unsmoothing algorithms. This paper focuses on the practical implications of unsmoothing model selection and calibration for asset allocation decisions in the UK, US and Australian markets and sheds light upon contradictory results in previous literatureStevenson [2004]. We find that different unsmoothing techniques yield very similar asset allocation choices. Identified portfolio weights are much more sensitive to the unsmoothing parameter than to the unsmoothing method. We conclude that research on smoothing should focus on the identification of the best parameter rather than on the specification of the model to be used. Finally our results are empirically in line with previous literature on the level of the unsmoothing parameter. Moreover current weights of asset classes in institutional portfolios suggest a parameter maximising the portfolio's Sharpe ratio similar to the one identified in previous literature. This result has also an implication on the implied volatility of real estate markets.
Introduction
Smoothing is the phenomenon causing a lagging effect and reduced volatility in valuation-based indices in comparison with the underlying market which would be represented by accurate transaction-based indices. Indicators of smoothing is easily found from time series analysis of valuation-based indices, and the factors underlying those results have been extensively discussed in the literature. But to date that discussion has not resulted in a generally accepted quantitative measure of the method of extent of un-smoothing which should be applied in constructing mixed-asset portfolios.
There are three main factors which may cause smoothing in a valuations-based index:
the aggregation process underlying the index construction itself (i.e. cross-sectional variances of individual returns); valuations spread over time (known as temporal aggregation); and inertia in individual valuations arising from anchoring to prior values in the absence of conclusive current market evidence, or thresholds applied by valuers (of say 1% of capital value) before a change in value is reported.
Practically, the issue of smoothing is critical for asset allocation choices, where the estimation of risk / return profiles of different asset classes are key to the construction of function-maximising portfolios. Following Markowitz [1952] 's mean-variance model, we would attribute a very high weight to real estate because valuation-based indexes show low levels of risk. However, institutional investors normally show a property weight ranging between 5% and 10% on average 1 . The difference between "ideal" and current property weight is frequently attributed to the understatement of estate in an international mixed asset portfolio and, contrary to previous studies, points out that different unsmoothing models do not yield different allocation figures.
This paper further investigates this issue by applying several unsmoothing techniques to identify the factors underlying the difference in findings between Stevenson and previous papers. The paper is structured as follows: section 2 gives a review of the literature on asset allocation and smoothing in real estate markets; sections 3 and 4 respectively explain the data and methodology used in the empirical analysis, and the full results for the UK market. Section 5 presents the main results for the US and
Australian markets and section 6 draws together the main findings and conclusions..
Literature review
Several papers have studied the benefit of including real estate in a mixed asset portfolio from either a domestic perspective -Fogler [1984] , Firstenberg et al. [1988] , MacGregor and Nanthakumaran [1992] , Byrne and Lee [1995, 2004] -or an international perspective -Ziobrowski and Curcio [1991] , Newell G. and Worzala E.
[1995], Chua [1999] , Stevenson [1999 Stevenson [ , 2000 , Hoesli et al [2002] . In both situations, results show a positive shift of the efficient frontier to the left (i.e. higher Sharpe ratios), but do not fully explain why portfolio managers hold less than optimal property weights. Other studies also look at the type of risk that should be considered for asset allocation decisions -Sing and Ong [2000] , Cheng and Wolverton [2001] , Byrne and Lee [1999, 2004] . These studies identify different risk measures and compare relative portfolio allocations. They conclude that real estate weights vary significantly and the investor should choose the measure best describing his/her attitude towards risk.
However the problem arises when we question the reliability of real estate indexes in estimating the risk associated to this type of investment, whatever measure of risk we use. Clearly current property weights in institutional portfolios in both the UK and US suggest that the perceived risk is well above the risk reported by index providers such as IPD in the UK and NCREIF in the USA. If for example we consider variance as the measure of portfolio risk, we know that two main factors impact on its value: the variance of each asset class and correlation coefficients between them:
. We also know that available real estate returns normally show, at the same time, a low volatility and low correlation coefficients with other asset classes. So, if we include property in a global portfolio, we inevitably expect and obtain a reduction in our portfolio risk and then an increase in the Sharpe ratio.
In the real estate literature this problem of underestimating risk is well documented and known as "smoothing". Several sources of smoothing are identified either at the index level or the appraisal process of individual properties. In the latter case, Geltner [1997] defines valuation smoothing as the systematic past market value bias (i.e. the use of past comparables to value properties in a portfolio context) on the current valuation. Bowles et al [2001] extend these findings by using sampling theory to measure confidence intervals for portfolio valuation errors and to define the minimum number of properties necessary to achieve a pre-fixed level of accuracy at a portfolio level. Finally, Clayton et al [2001] move on from Geltner [1989, 1997] 's findings and study appraisal smoothing caused by a temporal lag bias due to valuers using past information on transaction prices. They find weights valuers put on new and old information is respectively equal to 0.815 and 0.175, with the first weight being equal to 0.870 when the same valuer is responsible for two successive appraisals and to 0.689 with a new valuer (i.e. he tends to be more conservative).
At a portfolio level, Geltner [1993a] analyses the temporal aggregation effect, i.e. the use of several spot valuations occurring over a period of time to produce a property portfolio (i.e. index), and finds this type of smoothing reduces portfolio variance and beta respectively by 33% and 50%. Furthermore, by proposing a financial technique developed by several authors -Bailey et al. [1963] , Case and Shiller [1987] , Clapp and Giaccotto [1992] and Gatzlaff and Haurin [1996] -Geltner [1999] measures the extent of smoothing resulting from stale appraisals, suggests the use of a repeated measures regression based only on appraisals whose value has changed or been explicitly updated since the previous measurement.
Other authors suggest different techniques applied at the index level that yield an adjusted time series with a higher volatility and lower autocorrelation. Quan and and uses a first-order autoregressive reverse filter with "judgmentally estimated parameters" at both aggregate and individual property level. Fisher, Geltner and Webb [1994] apply Quan and Quigley's model by imposing an additional condition: the "true volatility" of commercial property valuation-based returns is approximately half the volatility of the stock market (e.g. S&P500). Chaplin [1997] allows for shifts in the parameter depending upon the existing growth state and introduces a double unsmoothing process to work out transformed series for both capital growth and income return for the CBHP synthetic index (i.e. ERV and yields). Brown and Matysiak [1998] work on individual property data and propose a time-varying approach with maximum likelihood estimation and a Kalman filter. Wang [1998] uses a co-integration approach to derive a long-run unsmoothing parameter from a series of other variables.
From previous literature, there is a clear need for better understanding the estimation of real estate risk and its impact on asset allocation choices. In this paper we apply four different models and test whether optimal property weights are due to unsmoothing model selection or calibration.
Data and methodology
In this study we consider three different markets: the UK, the USA and Australia.
In the UK market we use a dataset of annual total returns on UK equities, gilts and cash is taken from Scott, P. The Property Masters (1994), which was constructed as follows:
• from 1921 to 1939 series of market rents and cap rates have been used to create income return (assumed to be equal to the cap rate) and capital growth rates [ INSERT GRAPH 1a & TABLE 1a HERE ] Graph 1 shows the performance of the four asset classes in the UK for the entire period and table 1 contains main descriptive statistics.
For the whole sample period, real estate (9.8%) shows the second highest performance after equities (14.8%), well above the average return of bonds (7.1%) and cash (6.0%).
Real estate also has the second lowest standard deviation (9.6%), consequently showing the highest Sharpe ratio (39.9%), with equities and bonds only reaching respectively 35.0% and 8.8%. In a mean-variance framework, we would then expect real estate to obtain a high portfolio weight, if we also take into account the small correlation coefficients with other asset classes, ranging between 0.15 (cash) and 0.24 (equities).
If the sample is split into two sub-periods corresponding to the Scott series and the IPD Annual index, there are some significant differences. Until 1970, the average return of real estate (7.1%) was slightly smaller than the one of bonds (7.2%), and only 100 b.p.
higher than the one of cash (6.0%). The real estate standard deviation (8.1%) was however below the one of equities and bonds, with real estate being second to equities in terms of Sharpe ratio (11.5% versus 32.5%). In the subsequent sample period , correlation coefficients between property and either equities or bonds are slightly smaller, and the correlation coefficient between property and cash switches from being positive in the first period (0.12) to being negative in the second one (-0.22). Finally, the summary statistics clearly show that for all assets kurtosis and skewness lead to the rejection of normality in both periods.
Since for the property market results differ between the sub-samples, empirical results are presented for both sub-samples and the entire period, but most reliance is placed on the 1971-2005 sample which is based on the more reliable estimates of real estate performance.
[ INSERT GRAPH 1b & TABLE 1b HERE ] Graph 1b shows the performance of the four asset classes in both US and Australian markets throughout the sample period, and table 1b contains main descriptive statistics.
US real estate (9.8%) shows the second highest performance after equities (14.4%), slightly above the average return of bonds (8.9%), but well above the one in cash (5.9%). Real estate also has the second lowest standard deviation (6.4%), therefore showing the highest Sharpe ratio (62.3%), with equities and bonds respectively 10% and 20% behind real estate. In a mean-variance framework, we would then expect real estate to obtain a high portfolio weight, especially if we also consider the small correlation coefficient with equities (0.07) and bonds (-0.20) . However, since the correlation with T-Bill is quite high (0.48), we may expect a substitution effect between the two assets, with the T-Bill weight increasing as the real estate weight decreases.
Australian real estate shows a both an average return (10.4%) and a risk (9.2%) between the ones of equities (13.9% and 16.0%) and bonds (10.8% and 7.6%). These figures differentiate Australia from the other two market, with real estate showing only the third highest Sharpe ratio (28.6%) after the ones of bonds (39.1%) and equities (38.2%). In a mean-variance framework, however, we may still expect real estate to have a high weight due to the diversification offered by this asset class, with correlation coefficients near zero with both equities and bonds. Again, since the correlation with T-Bill is quite high (0.48) as in the US market, we may expect a substitution effect between the two assets.
Finally, for both the Australian and the US market, the summary statistics clearly show that normality is rejected for all assets (please see kurtosis and skewness figures). [1998] have not been used to the small number of observations avialble in the annual data. The method proposed in Cho et al. [2003] has not been applied because it represents a specification only slightly different from that in Geltner [1993b] .
Unsmoothing techniques
The first unsmoothing procedure is the first-order autoregressive reverse filter (i.e foarf). Unsmoothed capital growth rates for direct real estate investment (i.e. ucg t ) are computed as follows:
where cg t is the capital growth of the valuation-based index at time t and α 1 is the unsmoothing parameter.
Three main assumptions are implied in this model: firstly the values of the mean for the adjusted and unadjusted series are equal; secondly, the model holds over time (i.e. stationarity); finally, purely random errors are left out of the index (i.e. there is no noise).
An autoregressive process with more than one lag provides a more generalised model. However, with annual returns we believe there no a priori reason to assume an autoregressive process of higher order, and restrict the analysis to a second-order autoregressive reverse filter (i.e. ar2):
The third method applies the technique proposed by Fisher, Geltner and Webb [1994] with a first order autoregressive specification. Residuals are computed from Following Chaplin [1997] , it is assumed that the unsmoothing parameter is higher in falling than in rising markets (i.e. valuers will tend resist downward adjustments more than upward ajdustments). Secondly it is assumed that the stronger is the capital appreciation (depreciation), the higher (lower) the unsmoothing parameter (i.e. is the understatement of change will be greater in fast-moving markets).
Different unsmoothing parameters are also applied for different market growth states.
Firstly, the parameter is fixed for returns lying between the mean and the mean plus its standard deviation. For returns outside this range, new parameters are obtained by adding a varying coefficient to the fixed parameter:
• 0.10 for returns included between the mean plus 1 standard deviation and the mean plus 2 standard deviations; • 0.20 for returns above the mean 2 standard deviations.
• 0.05 for returns included between the mean and the mean minus 1 standard deviation;
• 0.15 for returns lying between the mean minus 1 standard deviation and minus 2 standard deviations; • 0.25 for returns below the mean minus 2 standard deviations. 
Portfolio construction and simulation
To test for the impact of smoothing on asset allocation choices, we simulate the construction of 100 portfolios for unsmoothing parameters ranging from 0.01 to 1 in steps of 0.01. All portfolios maximise the Sharpe ratio and lie on the efficient frontier in a mean-variance environment. To test the sensitivity of assets weights to the variation of the unsmoothing parameter, it is assumed the simulated portfolio is fully invested with no borrowing i.e. the only constraints are: Table 2 shows the minimum and maximum values of average return, standard deviation and Sharpe ratio obtained for UK portfolios maximizing the Sharpe ratio with a varying unsmoothing parameter. Firstly, it may be noted that differences between smoothed and unsmoothed figures are, for each measure, greater in the second sub-period than the first. This reveals a higher sensitivity of the property index (and consequently real estate weight) to smoothing in the latter period. The maximum average return is 14.7% overall, against 9.1% and 16.2% in the two sub-periods, while the standard deviation ranges between 11.1% and 9. The resulting Sharpe ratios show increasing differences between minimum and maximum values during the last thirty-five years. In panel C, the Sharpe ratio shows a minimum value equal to 26.3% for all unsmoothing methods, and contemporaneously a maximum value ranging between 31.5% (AR2) and 66.4% (FIVI).
UK results
Overall, there are larger differences between minimum and maximum values than between unsmoothing methods. This result supports our assumption that parameterization is much more important than model selection. while the equity weight to decrease passing from the first to the second sample (e.g. from 28.6% to 3.1% for FIVI). Property reaches an optimal weight around 80% using the whole sample, and respectively 71.4% and 60% in the first and second sub-periods.
Finally, cash is not represented if based on data over the entire period, but tends to show high percentages in portfolios run on the two sub-periods separately.
We now focus our analysis on the impacts each unsmoothing method and its parameterization have on asset allocation choices. The first order autoregressive filter yields asset class weights as represented in graph 2. Only equities and property show positive weights using the whole sample. Cash is only included using the IPD index (second period) and only if the unsmoothing parameter is lower than 0.50. Finally, if in this second period a parameter ranging from 0.45 and 0.60 is applied, the indicated weights that are similar to those currently held in UK institutional funds, in the range 5% to 10%. With a parameter equal to either 0.56 or 0.58, the indicated optimum portfolio has a Sharpe ratio of 24.9% or 25.8%, and is made up of 11% or 5.9% property, 69.6% or 74.1% equities and 19.2% or 20% bonds. These results show a very high sensitivity of allocation choices to the unsmoothing parameter.
[ INSERT GRAPH 2 HERE ]
Similarly, the second order autoregressive process shows a decreasing property weight as the unsmoothing parameter increases (graph 3). However, the minimum parameter necessary to obtain a zero property weight is lower than the one shown by FOARF due to the inclusion of a second order parameter. If 0.38 or 0.36 is used as the first order parameter and 0.10 as a second order, the indicated portfolio is made up of 5.7% or 11.6% property, 74.4% or 69.4% equities and 20.0% or 19.0% bonds.
[ INSERT GRAPH 3 HERE ]
The unsmoothing method using the relationship between volatilities of equity and real estate markets (i.e. FIVI) shows similar portfolio compositions to the first method. However, this model is even more sensitive to the unsmoothing coefficient as shown in graph 4. The property weight tends to fall rapidly if moving from 0.40 to 0.45 unsmoothing parameter (from 40% to 0%). With a parameter of 0.44, the portfolio comprises 7.9% property, 72.4% equities and 19.7% bonds. Finally cash tends to gain a higher weight with this method than with the first methods, while the unsmoothing unsmoothing parameter is below 0.40.
[ INSERT GRAPH 4 HERE ]
The growth states model identifies a relationship between weights and unsmoothing parameter that is very similar to the one shown by FOARF, Unsmoothing parameters are shifted to the left (i.e. smaller parameters are needed to indicate the same asset allocations). With the main unsmoothing parameter for returns between the mean and the mean plus one standard deviation set at either 0.43 or 0.41, we obtain exactly the same weights we have described for 0.58 or 0.56 parameters applied to the FOARF method.
[ INSERT GRAPH 5 HERE ] In the last part of our empirical analysis we compose three benchmarks with fixed weights as follows: • Risk averse investor (i.e. Benchmark 1): Property 10%, Equities 65%, Bonds 20% and Cash 5%; • Risk lover investor (i.e. Benchmark 2): Property 5%, Equities 75%, Bonds 15% and Cash 5%; • Equally-Weighted (i.e. Benchmark E-W): Property 25%, Equities 25%, Bonds 25% and Cash 25%.
We then compare the Sharpe ratio of these benchmarks with the one of optimal portfolios. Graph 6 shows that, for each sample period, there is a range of unsmoothing parameters that makes the Sharpe ratio of optimal portfolios equal to the one of the three benchmarks (excluding the equally-weighted portfolio). Particularly, focusing on the second sub-sample, graph 7 shows a window of the top-left box of graph 6, where the unsmoothing parameter only ranges between 0.35 and 0.70. The plot suggests the existence of an implicit unsmoothing parameter that portfolio managers have probably in mind when they make asset allocation choices.
[ INSERT GRAPHS 6 & 7 HERE ] 
US and Australian results
In this paper we also compare the UK results with the ones obtained in the US and Australian markets.
[ INSERT GRAPHS 8 & 9 HERE ] However some differences should be noticed. Firstly for both the USA and Australia, the usnmoothing parameter which starts to make a significant impact on the overall portfolio weighting is bigger than for the UK. This is due to a much higher autocorrelation coefficient in these two markets (respectively equal to 0.79 and 0.71) than in the UK, where the first order serial correlation is only equal to 0.28. This result also suggests the existence of greater inefficiencies (to be adjusted for in portfolio optimization tools for asset allocation choices) in valuation-based index construction in US and Australian markets than in the UK one.
Secondly the maximum weight of equities in both the US and Australian portfolios (respectively equal to 55% and 50%) never reaches the 80% level shown by the UK one § We did not show the results obtained with other unsmoothing procedures because they yield similar results (as already obtained for the UK market, we find that unsmoothing model selection makes a small impact on asset allocation choices). ** Among the UK results available, the ones referring to the second sample period should be preferred for both certainty of performance measurement and similarity of time periods with the other two markets.
when the unsmoothing parameter is approximately equal to 1. This is simply due to the relative risk/return profile of bonds, which is much more appealing in the former two countries than in the UK.
Thirdly, we see the substitution effect between real estate and cash (due to a correlation coefficient near 0.50) in both the US and Australian markets. When the unsmoothing parameter increases, the real estate weight decreases and, along with it, the portfolio weight in cash increases.
Conclusions.
Portfolio managers normally hold a less than 'optimal' weight for real estate assets.
Previous studies unsmoothed property returns to increase the level of risk (and also changing correlation coefficients with other asset classes). Contrary to Stevenson
[2004] -who finds no difference in applying two different unsmoothing methodsother papers found that model selection has a significant impact on real estate weights.
In this paper a possible explanation to these opposite results is found in 'parameterization'. Portfolio simulations show that unsmoothing model specification has a little impact on asset allocation choices. However, we find that all unsmoothing methods are highly sensitive to the choice of the parameter. This result reinforces and develops Stevenson's conclusion, and highlights that, the key issue when unsmoothing real estate data is parameterization (i.e. choice of the unsmoothing parameter) rather than model selection. Consequently, previous studies supporting the importance of model selection may be biased due to the choice of different and not comparable parameters for different models. We then conclude that real estate research should focus more on parameterization than on model specification.
Finally, a comparison of the Sharpe ratio obtained for four portfolios (using different unsmoothing methods) and three benchmarks has revealed the existence of an implicit unsmoothing parameter (or at least a range of implicit parameters) that is included in the range 0.40-0.60. This range is in line with coefficients used in previous studies. Since some of these articles determine the level of this parameter qualitatively, as a theoretical weight given to past information, further research should analyse the underlying unsmoothing parameter that best fits the appraisal process of individual buildings.
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Graph 1a: Historical annual returns for the four UK asset classes.
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